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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to an optical 
low-pass filter suited for use in an optical system, for 
example a video camera, employing an image pickup 
element such as, for example, an image pickup tube or 
a solid state image pickup element for performing a spa- 
tially discrete sampling and, more particularly, to a two- 
dimensional optical low-pass filter which can be incor- 
porated in an image pickup element and is effective sub- 
stantially in all directions on a two-dimensional image 
plane. 

Description of the Prior Art 

Conventionally, an image pickup system such as, 
for example, a video camera system generally employs 
an image pickup tube or a solid state image pickup ele- 
ment as an image pickup element for taking images 
therein. Such an image pickup element performs sam- 
pling by photoelectrical ly converting intensity informa- 
tion of light, inputted into an image plane, into electric 
signals. Because the sampling interval is limited, the 
sampling is performed spatially discretely. In applica- 
tions where an image inputted into the image pickup el- 
ement contains spatial frequency components having a 
frequency greater than the Nyquist frequency of the im- 
age pickup element, an output signal from the image 
pickup element is indicative of, under the influence of 
aliasing, a spurious pattern or structure such as, for ex- 
ample, a Moire fringe, or incorrect colors which the input 
image does not originally have. Because of this, an im- 
age signal is generally introduced, prior to the input 
thereof into the image plane, into an optical low-pass 
ilter which is placed in a portion of the image pickup sys- 
tem to cut off the spatial frequency components of a fre- 
quency greater than the Nyquist frequency or to atten- 
uate them to the extent of being negligible. 

Conventional optical low-pass filters generally uti- 
lize the birefringence of crystal to obtain a low-pass ef- 
fect whereby when a light ray passes through a crystal 
placed in an optical system, separation thereof into an 
ordinary ray and an extraordinary ray causes blurring. 
In the optical low-pass filter employing the crystal, the 
patial frequency to be cut off is set depending upon the 
thickness of the crystal. Because of this, this kind of pti- 
cal system has the disadvantage of requiring a space 
nough to accommodate the filter therein in order to ob- 
tain desired low-pass filtering characteristic. This optica! 
ystem is also at a disadvantage in that a raw material of 
he crystal itself is costly. 

To solve these problems, another optical low-pass 
ilter having a phase grating has been proposed and 
comes n practice. The reason for this is that the phase 



grating is relatively inexpensive and does not require a 
large space for placement thereof. 

In applications where the phase grating filter is em- 
ployed as an optical low-pass filter, it is relatively easy 
to obtain a two-dimensional low-pass filtering character- 
istic by rendering a filter substrate to have phase retar- 
dation structures on respective sides thereof for provid- 
ing phase retardation across a fitter plane. Because of 
this, various such phase retardation structures have 
hitherto been proposed. 

US-A-4,083,627 published Apr. 11, 1978 discloses 
a two dimensional optical phase grating filter that is ca- 
pable of limiting the transmittance of spatial frequencies 
in one or more scan directions. 

However, when the phase grating filter has phase 
retardation structures only on one side of the filter sub- 
strate, it is difficult to obtain an effective low-pass filter- 
ing characteristic on the entire image plane, i.e., sub- 
stantially in all directions on the two-dimensional image 
plane merely by providing a single phase retardation 
structure in each of a plurality of unitary or elementary 
grating periods. 

Fig. 1 depicts a conventional optical phase grating 
filter having a single phase retardation portion in each 
unitary grating period. Figs. 2, 3, and 4 depict cross-sec- 
tional configurations taken along lines ll-ll, Ill-Ill, and IV- 
IV in Fig. 1, respectively. Fig. 5 is a graph indicating MTF 
characteristics obtained by the phase retardation por- 
tions having respective cross -sectional configurations 
shown in Figs. 2, 3, and 4. 

The phase retardation portions shown in Fig. 2 pro- 
vide sufficient phase retardation differences and, there- 
fore, exhibit a sufficient low-pass filtering characteristic 
as shown by II in Fig. 5. However, as the phase retar- 
dation differences become small as shown in Fig. 3, the 
filtering characteristic exhibits no sufficient low-pass 
characteristic. In the event the phase retardation differ- 
ences become zero as shown in Fig. 4, the filter allows 
all of the spatial frequency components to pass there- 
through. 

Although the phase grating filter can be so config- 
ured as to have the same cross-sectional configuration 
as that shown in Fig. 2 only in limited directions, any 
effective phase grating filter which has phase retarda- 
tion structures only on one surface of the substrate and 
provides a sufficient phase retardation substantially in 
all directions on the two-dimensional image plane has 
not hitherto been proposed. 

In view of handling or mass production, it is pre- 
ferred for the phase grating low-pass filter to have phase 
retardation portions, which produce the low-pass effect, 
only on one surface of the substrate. In applications 
where the low-pass filter is utilized in an image pickup 
system employing an image pickup element, images 
having a good quality cannot be obtained unless the 
low-pass effect is produced substantially in all directions 
on the two-dimensional image plane. 

The phase grating low-pass filter having the phase 
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retardation structures only on one surface of the sub- 
strate is particularly useful because such a filter can be 
placed in close proximity to the image plane, thereby 
contributing to reduction ol the overall length of the op- 
tical image pickup system, i.e., miniaturization thereof. 
Because the conventional phase grating filters have dif- 
ficulties in providing a sufficient two-dimensional per- 
formance, the incorporation of both of the phase grating 
filter and the image plane into the image pickup element 
was practically impossible. 

SUMMARY OF THE INVENTION 

The present invention has been developed to over- 
come the above-described disadvantages. 

It is accordingly an object of the present invention 
to provide an improved two-dimensional optical low- 
pass filter having a superior low-pass characteristic and 
capable of cutting off spatial frequency components of 
a frequency greater than one half the sampling frequen- 
cy which components occasionally cause spurious sig- 
nals or attenuating them to the extent of being negligible. 

Another object of the present invention is to provide 
a two-dimensional optical low-pass filter of the above- 
described type which has a simple structure and can be 
readily manufactured at a low cost. 

In accomplishing the above and other objects, a 
two-dimensional optical low-pass filter according to the 
present invention comprises an optical phase grating 
according to claim 1 . 

In another aspect of the present invention, a two- 
dimensional optical low-pass filter comprises an optical 
phase grating having a plurality of rectangular unitary 
grating periods only on one side of a grating plane, a 
plurality of first phase retardation elements formed in a 
two-dimensional matrix on the one side of the grating 
plane, and a plurality of second phase retardation ele- 
ments regularly spaced from the first phase retardation 
elements with each of the first phase retardation ele- 
ments surrounded by four second phase retardation el- 
ements. Each of the unitary grating periods includes one 
first phase retardation element at a center thereof and 
a quarter of each of four surrounding second phase re- 
tardation elements at each corner thereof, thereby pro- 
viding phase retardation across the grating plane. Each 
of the second phase retardation elements extends over 
a plurality of, for example four, adjoining unitary grating 
periods. Because of this, there invariably exists a region 
or regions having at least one phase retardation portion 
on a border between two adjoining unitary grating peri- 
ods. 

Although the optical low-pass filter of the above-de- 
scribed construction has phase retardation configura- 
tions only on one side of a substrate, i.e., the grating 
plane, it exhibits a sufficient low-pass effect substantial- 
ly in ail directions on the two<iimensional plane. The op- 
tical low-pass filter according to the present invention 
contributes to realization of a compact optical system 



because it does not require a space which has hitherto 
been required in the conventional low-pass filters em- 
ploying a crystal. 

Furthermore, the optical low-pass filter according to 

s the present invention can be incorporated into an image 
pickup element, thereby enhancing the added value of 
the image pickup element itself. Also, because the 
space for holding the crystal is not required in an optical 
barrel, not only the optical barrel can be made compact, 

10 but also adjustments thereof can be facilitated. 

In order to obtain a desired low-pass characteristic, 
it is preferred that each of the first phase retardation el- 
ements has a generally cross-shaped base, whereas 
each of the second phase retardation has a generally 

is rectangular base. 

Alternatively, each of the first phase retardation el- 
ements may have a recess defined therein. The provi- 
sion of such first phase retardation elements can 
change the filtering characteristic. Accordingly, the con- 

20 figuration of the first phase retardation elements can be 
so chosen as to meet requirements. 

As described hereinabove, because the optical low- 
pass filter according to the present invention has the 
spaced first and second phase retardation elements 

25 both of which differ in configuration and are disposed in 
a specific relationship only on one side of the substrate, 
it provides a transfer characteristic of a desired spatial 
frequency substantially in all directions on the image 
plane and exhibits substantially the same characteristic 

30 with respect to different wavelengths. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the 
35 present invention will become more apparent from the 
following description of preferred embodiments thereof 
with reference to the accompanying drawings, through- 
out which like parts are designated by like reference nu- 
merals, and wherein: 

40 

Fig. 1 is a schematic perspective view of a conven- 
tional phase grating having a single phase retarda- 
tion portion in each unitary grating period; 
Fig. 2 is a cross-sectional view taken along line II- 
45 II in Fig. 1; 

Fig. 3 is a cross-sectional view taken along line Ill- 
Ill in Fig. 1; 

Fig. 4 is a cross-sectional view taken along line IV- 
IV in Fig. 1; 

so Fig. 5 is a graph indicating MTF characteristics ob- 
tained by the phase retardation portions having re- 
spective cross-sectional configurations shown in 
Figs. 2, 3, and 4; 

Fig. 6 is a perspective view of an optical low-pass 
ss filter according to a first embodiment of the present 
invention; 

Fig. 7 is a graph indicating an OTF (optical transfer 
function) characteristic of the filter of Fig. 6 in a di- 
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rection parallel to the axis of abscissa; 
Fig. 8 is a graph similar to Fig. 7, but indicating an- 
other OTF characteristic in a direction inclined 30° 
from the axis of abscissa; 

Fig. 9 is a graph similar to Fig. 7, but indicating a & 
further OTF characteristic in a direction inclined 45° 
from the axis of abscissa; 

Fig. 10 is a graph similar to Fig. 7, but indicating a 
still further OTF characteristic in a direction inclined 
60° from the axis of abscissa; 
Fig. 11 is a graph similar to Fig. 7, but indicating 
another OTF characteristic in a direction inclined 
90° from the axis of abscissa; 
Fig. 12 is a view similar to Fig. 6, but according to 
a second embodiment of the present invention; 
Fig. 13 is a view similar to Fig. 6, but according to 
a third embodiment of the present invention; and 
Fig. 14 is a schematic cross-sectional view of an 
image pickup element incorporating the filter of the 
present invention therein. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to the drawings, there is shown in 
Fig. 6 a two-dimensional optical low-pass filter accord- 
ing to a first embodiment of the present invention. The 
optical low-pass filter shown in Fig. 6 comprises a plu- 
rality of generally cross-shaped first phase retardation 
elements 2 laid in a matrix and a plurality of second 
phase retardation elements 4 each of which is posi- 
tioned in a space delimited by four surrounding first 
phase retardation elements 2 arid regularly spaced 
therefrom. All of the first and second phase retardation 
elements 2 and 4 are formed only on one side of a sub- 
strate 1 . Each of the first phase retardation elements 2 
is made up of four phase retardation portions 2* each in 
the form of a generally cubic body. Each of the four 
phase retardation portions 2' is in abutment with two ad- 
joining phase retardation portions 2' so that a square 
center space 6 may be delimited by the four phase re- 
tardation portions 2\ Each of the second phase retarda- 
tion elements 4 is also in the form of a cubic body or a 
rectangular parallelepiped. The first and second phase 
retardation elements 2 and 4 are made of a resinous 
material having a refractive index (nd) of 1 .5597 and an 
Abbe number (vd) of 44. 

This optical low-pass fitter has a plurality of rectan- 
gular unitary structural units, encircled by single dotted 
lines and generally identified by G, formed in a two-di- 
mensional matrix. Each of the unitary structural units G 
includes one first phase retardation element 2 posi- 
tioned at the center thereof and a quarter of each of the 
four second phase retardation elements 4. 

The optical low-pass filter of Fig. 6 provides a suf- 
ficient transfer characteristic because there does not ex- 
ist any region having a continuous phase retardation 
configuration or that having no phase retardation con- 



figuration substantially in all directions on a two-dimen- 
sional plane. 

Although the optical low-pass filter has periodically 
arranged phase retardation elements, it may have, with- 
in a specific range exerting no influence upon the per- 
formance thereof, non-periodic regions wherein regions 
having no phase retardation configurations or those 
having phase retardation configurations are continued 
to each other. More specifically, it is sufficient if perio- 
dicity is established as a whole, and slight non -continu- 
ous changes in phase retardation configuration do not 
affect the performance of the optical low-pass filter. 

Figs. 7 through 11 are graphs each indicating the 
spatial frequency characteristic (OTF characteristic) of 
the optical low-pass filter of Fig. 6 in several directions 
on the two-dimensional plane, when a wavelength of 
587 nm is employed. As can be known from these 
graphs, the optical low-pass filter of Fig. 6 exhibits a de- 
sired superior low-pass characteristic. 

Fig. 12 depicts a two-dimensional optical low-pass 
filter according to a second embodiment of the present 
invention. The optical low-pass filter of Fig. 12 has, in 
each unitary grating period, a generally cross-shaped 
first phase retardation element 2a having a square re- 
cess 6a defined therein at the center thereof. 

Fig. 13 depicts a two-dimensional optical low-pass 
filter according to a third embodiment of the present in- 
vention. The optical low-pass filter of Fig. 1 3 is some- 
what similar to that of Fig. 12, but differs from the latter 
in that a generally cross -shaped first phase retardation 
element 2b of the former has no central recess. 

Fig. 14 schematically depicts an image pickup ele- 
ment incorporating the phase grating filter according to 
the present invention. As shown in Fig. 14, the image 
pickup element comprises a base plate 22, a glass cover 
16 for protecting the inside of the image pickup element, 
a phase grating filter 1 7 of the present invention, a color 
separation filter 1 B, and an image plane 1 9. The glass 
cover 16 is supported by a frame 21 for hermetically 
sealing the inside of the image pickup element, whereas 
the phase grating filter 17, the color separation filter 18, 
and the image plane 1 9 are supported by, for example, 
a plurality of spacers 20 so as to extend parallel to one 
another in a spaced relationship. Both of the frame 21 
and the spacers 20 are rigidly secured to the base plate 
22. It is particularly important to space the phase grating 
filter 17 a certain distance away from the image plane 
19. The image pickup element shown in Fig. 14 has a 
high-performance by incorporating the phase grating fil- 
ter 17 therein. 

It is, however, to be noted that the construction 
shown in Fig. 14 is a basic one, and the performance of 
the image pickup element is not changed, for example, 
by inserting an additional functional element such as an 
on-chip lens between the color separation filter 18 and 
the image plane 1 9 if a reduced optical distance is main- 
tained. 

The optical low-pass filters as shown in Figs. 6, 12, 
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and 13 have substantially the same fundamental char- 
acteristic. However, when the characteristic is required 
to be guaranteed particularly in horizontal and vertical 
directions, the characteristic of the three optical low- 
pass filters differs in other directions. Accordingly, an ap- 
propriate one should be selected from among these 
three types of filters so as to meet system requirements. 

It is further to be noted that although the first phase 
retardation element 2, 2a, or 2b and the second phase 
retardation element 6 are indicated as having a gener- 
ally cross-shaped base and a generally rectangular 
base, respectively, the vertical cross-sectional configu- 
ration thereof is not always required to be rectangular. 

It is also to be noted that the second phase retar- 
dation element 4 may have a recess defined therein for 
the purpose of changing the filtering characteristic. 

It is also to be noted that the configuration of each 
phase retardation element is not limited to that men- 
tioned in the above embodiments, and substantially the 
same characteristic can be obtained by any other suit- 
able configuration similar thereto. For example, vertical 
edges of each phase retardation element may be either 
sharp or round. 

The phase grating filter according to the present in- 
vention provides a desired low-pass characteristic sub- 
stantially in ail directions on the two-dimensional image 
plane and can be readily manufactured at a low cost 
without requiring a relatively large place for placement 
thereof inside the image pickup element. 



Claims 

1 . A two-dimensional optical low-pass filter, compris- 
ing: 

a generally planar substrate (1 ) having two opposite 
surfaces; and an optical phase grating comprising 
a plurality of unitary structural units on only one sur- 
face of said substrate (1), each one of said plurality 
of unitary structural units comprising at least two dif- 
ferent phase retardation structures (2, 2a, 2b; 4) 
spaced from each other on said one surface of said 
substrate (1); wherein said at least two different 
phase retardation structures (2, 2a, 2b; 4) in each 
one of said plurality of unitary structural units are 
arranged with no continuous space along any direc- 
tion in a plane parallel to said one surface of said 
substrate (1) to provide a phase retardation across 
said substrate (1) which varies along any direction 
in said plane. 

2. The two-dimensional optical low-pass filter accord- 
ing to claim 1 , wherein each of said unitary struc- 
tural units is of a rectangular shape having a center 
and four corners, wherein said plurality of unitary 
structural units comprise a plurality of first phase re- 
tardation elements (2, 2a, 2b) formed in a two-di- 
mensional matrix and a plurality of second phase 



retardation elements (4) regularly spaced from said 
first phase retardation elements (2, 2a, 2b), each of 
said first phase retardation elements (2, 2a, 2b) be- 
ing surrounded by four of said second phase retar- 

5 dation elements (4), wherein each one of said plu- 
rality of unitary structural units comprises one of 
said first phase retardation elements (2, 2a, 2b) at 
said center thereof and a quarter of each of the re- 
spective said four of said second phase retardation 

10 elements (4) surrounding the one of said first phase 
retardation elements (2, 2a, 2b), each said quarter 
being located at a respective one of said four cor- 
ners of said unitary structural unit, and wherein said 
first and second phase retardation structures in 

is each one of said plurality of unitary structural units 
are arranged with no continuous space along any 
direction in said plane to provide a phase retarda- 
tion across said substrate (1) which varies along 
any direction in said plane. 

20 

3. The two-dimensional optical low-pass filter accord- 
ing to claim 2, wherein each of said first phase re- 
tardation elements (2) has a substantially cross- 
shaped base and each of said second phase retar- 

25 dation elements (4) has a substantially rectangular 
base. 

4. The two-dimensional optical low-pass fitter accord- 
ing to claim 3, wherein each of said first phase re- 

30 tardation elements (2, 2a, 2b) has a recess (6, 6a, 
6b) in the center of said substantially cross-shaped 
base. 

5. An image pickup element comprising a two-dimen- 
35 sionai optical low-pass filter (1 7) according to claim 

2 and an image plane element (19) spaced from 
said low-pass filter (17). 

6. The image pickup element according to claim 5, 
40 wherein each of said first phase retardation ele- 
ments (2, 2a, 2b) has a substantially cross-shaped 
base and each of said second phase retardation el- 
ements (4) has substantially rectangular base. 

45 7. The image pickup element according to claim 6, 
wherein each of said first phase retardation ele- 
ments has a recess (6, 6a, 6b) in the center of said 
substantially cross-shaped base. 

so 

Patentanspruche 

1 . Zweidimensionaler optischer TiefpaBfitter mit: 
einem im wesentlichen ebenen Substrat (1) mit 
55 zwei gegenOberliegenden Oberflachen; und einem 
optischen Phasengitter mit einer Vielzahl von etn- 
heitlichen strukturellen Einheiten auf nur einer 
Oberflache des Substrats (1), wobei jede der vlel- 
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zahl von einheitlichen strukturellen Einheiten min- 
destens zwei verschiedene Phasenverschiebungs- 
strukturen (2, 2a, 2b; 4) aufweist, walche auf der 
einen Oberflache des Substrates (1) voneinander 
beabstandet sind; wobei die mindestens zwei ver- 5 
schiedenen Phasenverschiebungsstrukturen (2, 
2a, 2b; 4) in jeder der Vielzahl von einheitlichen 
strukturellen Einheiten in jeder Richtung in einer zu 
der einen Oberflache des Substrates (1) parallelen 
Ebene keine kontinuierliche Flache aufweisend an- to 
geordnet sind, um eine Phasenverschiebung ent- 
lang des Substrats (1) zur Verfugung zu stellen, 
welche entlang jeder Richtung in der Ebene variiert. 

Zweidimensionaier optischer TiefpaBfilter nach An- is 
spruch 1 , 

dadurch gekennzeichnet, daft jede der einheitli- 
chen strukturellen Einheiten eine rechtwinklige 
Form mit einer Mitte und vier Ecken aufweist, wobei 
die Vlelzahl von einheitlichen strukturellen Einhei- 20 
ten eine Vielzahl von ersten Phasenverschiebungs- 
elementen (2, 2a, 2b) aufweist, die in einer zweidi- 
mensionalen Matrix an geordnet sind, und eine Viel- 
zahl von zweiten Phasenverschiebungselementen 
(4) aufweist, welche von den ersten Phasenver- 2s 
schiebungselementen (2, 2a, 2b) regelmaGig beab- 
standet sind, wobei jedes der ersten Phasenver- 
schiebungselemente (2, 2a, 2b) von vier der zwei- 
ten Phasenverschiebungselemente (4) umgeben 
ist, wobei jede der Vielzahl der einheitlichen struk- 30 
turellen Einheiten eines der ersten Phasenver- 
schiebungselemente (2, 2a, 2b) in seiner Mitte auf- 
weist und ein Viertel jedes der entsprechenden vier 
der zweiten Phasenverschiebungselemente (4) das 
eine der ersten Phasenverschiebungselemente (2, 35 
2a, 2b) umgibt, und jedes der Viertel an einer ent- 
sprechenden Ecke der vier Ecken der einheitlichen 
strukturellen Einheiten angeordnet ist, und wobei 
die ersten und zweiten Phasenverschiebungsstruk- 
turen in jeder der Vielzahl von einheitlichen struktu- 40 
rellen Einheiten in jeder Richtung in der Ebene ohne 
kontinuierliche Flache angeordnet sind, um eine 
Phasenverschiebung uber dem Substrat (1) zur 
Verfugung zu stellen, welche entlang jeder Rich- 
tung in der Ebene variiert. 45 

Zweidimensionaier optischer TiefpaBfilter nach An- 
spruch 2, 

dadurch gekennzeichnet, daB jedes der ersten 
Phasenverschiebungselemente (2) eine im wesent- so 
lichen kreuzformige Grundflache aufweist und je- 
des der zweiten Phasenverschiebungselemente (4) 
eine im wesentlichen rechtwinklige Grundflache 
aufweist. 

55 

Zweidimensionaier optischer TiefpaBfilter nach An- 
spruch 3, 

dadurch gekennzeichnet, daB jedes der ersten 



Phasenverschiebungselemente (2, 2a, 2b) eine 
Ausnehmung {6, 6a, 6b) in der Mitte der im wesent- 
lichen kreuzformigen Grundflache aufweist. 

5. Bilderiassungselement mit einem zweidimensiona- 
len optischen TiefpaBfilter (17) nach Anspruch 2 
und einem beabstandet von dem TiefpaBfilter (17) 
angeordneten Bildebenenelement (19). 

6. Bilderiassungselement nach Anspruch 5, 
dadurch gekennzeichnet, daB jedes der ersten 
Phasenverschiebungselemente (2, 2a, 2b) eine im 
wesentlichen kreuzformige Grundflache aufweist 
und jedes der zweiten Phasenverschiebungsele- 
mente (4) eine im wesentlichen rechtwinklige 
Grundflache aufweist. 

7. Bilderfassungselement nach Anspruch 6, 
dadurch gekennzeichnet, daB jedes der ersten 
Phasenverschiebungselemente eine Ausnehmung 
(6, 6a, 6b) in der Mitte der im wesentlichen kreuz- 
formigen Grundflache aufweist. 



Revendications 

1. Filtre optique bidimensionnel passe-bas, 
comprenant : 

un substrat (1 ) de forme generate plane ayant 
deux surfaces opposees, et un reseau optique de 
phase comprenant plusieurs unites de structure 
unitaire formees sur une seule face du substrat (1 ), 
chacune des unites de structure unitaire compre- 
nant au moins deux structures d iff 6 rentes de retard 
de phase (2, 2a ( 2b ; 4) espac6es mutuellement sur 
ladite surface du substrat (1), dans lequel les deux 
structures different es de retard de phase au moins 
(2, 2a, 2b ; 4) de chacune des unites de structure 
unitaire sont disposees sans espace continu dans 
une direction quelconque dans un plan parallels a 
ladite surface du substrat (1 ) pour I' introduction d'un 
retard de phase transversalement au substrat (1) 
qui varie dans toute direction comprise dans ledit 
plan. 

2. Filtre optique bidimensionnel passe-bas selon la re- 
vendication 1 , dans lequel chacune des unites de 
structure unitaire a une forme rectangulaire ayant 
un centre et quatre coins, dans lequel plusieurs uni- 
tes de structure unitaire forment plusieurs premiers 
eT6ments de retard de phase (2, 2a, 2b) disposes 
suivant une matrice bidimensionnelle et plusieurs 
seconds eT6ments de retard de phase (4) espac^s 
regulierement par rapport aux premiers elements 
de retard de phase (2, 2a, 2b), chacun des premiers 
elements de retard de phase (2, 2a, 2b) etont en- 
tour6 par quatre seconds elements de retard de 
phase (4), dans lequel chacune des unites de struc- 
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ture unitaire comporte Tun des premiers elements 
de retard de phase (2, 2a, 2b) place au centre et un 
quart de chacun des quatre seconds elements res- 
pectifs de retard de phase (4) qui entourent ledit 
premier element de retard de phase (2, 2a, 2b), cha- £ 
que quart se trouvant a un coin respectif parmi les 
quatre coins de I'unite de structure unitaire, et dans 
f equal les premieres et secondes structures de re- 
tard de phase de chacune des unites de structure 
unitaire sont disposers sans espace continu dans 10 
une direction quelconque dans ledit plan pour I'in- 
troduction d'un retard de phase, transversalement 
au substrat (1), qui varie dans toute direction con- 
tenue dans ledit plan. 

15 

3. Filtre optique bidimensionnel passe-bas selon la re- 
vendication 2, dans lequel chacun des premiers 
Elements de retard de phase (2) a une base prati- 
quement en forme de croix et chacun des seconds 
elements de retard de phase (4) a une base de for- 20 
me pratiquement rectangulaire. 

4. Filtre optique bidimensionnel passe-bas selon la re- 
vendication 3, dans lequel chacun des premiers 
Elements de retard de phase (2, 2a, 2b) a une cavite 25 
(6, 6a, 6b) au centre de la base ayant pratiquement 
une forme de croix. 

5. Element capteur d'image comprenant un filtre opti- 
que bidimensionnel passe-bas (17) selon la reven- 30 
dication 2 et un element (19) de plan image place 

a distance du filtre passe-bas (17). 

6. Element capteur d'image selon la revendication 5, 
dans lequel chacun des premiers Elements de re- 35 
tard de phase (2, 2a, 2b) a une base ayant prati- 
quement une forme de croix et chacun des seconds 
elements de retard de phase (4) a une base prati- 
quement rectangulaire. 

40 

7. Element capteur d'image selon la revendication 6, 
dans lequel chacun des premiers elements de re- 
tard de phase a une cavite (6, 6a, 6b) au centre de 
la base et est pratiquement en forme de croix. 
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Fig. 11 
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Fig. 14 
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